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title of invention 

[00011 multilayer electrode for a ferroelectric capacitor 
c:ross-rf:fkrf;xc:f to rflatfd applications 



FIELD OF THE INVENTION 

[0002] The present invention relates generally to a ferroelectric or high dielectric 
constant capacitor with a multilayer electrode, and in particular to a ferroelectric or high 
dielectric constant capacitor w hich is used in a memory cell in a random access memory 
(RAM), and to a process for its formation. 




BACKGROUND OF THE INVENTION 

[0003] A dynamic random access memory (DRAM) cell typically comprises a charge 
storage capacitor (or cell capacitor) coupled to an access device such as a Metal-Oxide- 
Semiconductor Field Effect Transistor (MOSFET). The MOSFET functions to apply or 
remove charge on the capacitor, thus affecting a logical state defined by the stored charge. 
The amount of charge stored on the capacitor is determined by the capacitance C=se 0 A/d, 
w here c is the dielectric constant of the capacitor dielectric, e ( , is the vacuum permittivity, A 
is the electrode (or storage node) area, and d is the interelectrode spacing. The conditions 
of DRAM operation such as operating voltage, leakage rate and refresh rate, will in general 

mandate that a certain minimum charge be stored by the capacitor. 
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[0004] In the continuing trend to higher memory capacity, the packing density of 
storage cells must increase, yet each will maintain required capacitance levels. This is a 
crucial demand of DRAM fabrication technologies if future generations of expanded 
memory- array devices are to be successfully manufactured. Nevertheless, in the trend to 
higher memory capacity, the packing density of cell capacitors has increased at the expense 
of available cell area. For example, the area allowed for a single cell in a 64-Mbit DRAM is 
onlv about 1.4 junr. In such limited areas, it is difficult to provide sufficient capacitance 
using conventional stacked capacitor structures. Yet, design and operational parameters 
determine the minimum charge required for reliable operation of the memory cell despite 
decreasing cell area. Several techniques have been developed to increase the total charge 
capacity of the cell capacitor without significantly affecting the cell area. These include new 
structures utilizing trench and stacked capacitors, electrodes having textured surface 
morphology and new capacitor dielectric materials having higher dielectric constants. 

[0005] As DRAM density has increased (1 MEG and beyond) thin film capacitors, such 
as stacked capacitors, trenched capacitors, or combinations thereof, have evolved in 
attempts to meet minimum space requirements. Many of these designs have become 
elaborate and difficult to fabricate consistently as well as efficiently. Furthermore, the 
recent generations of DRAMs (4 MEG and 16 MEG, for example) have pushed thin film 
capacitors technology to the limit of processing capability. Thus, greater attention has 
been given to the development of thin film dielectric materials that possess a dielectric 
constant significantlv greater (>1()\) than the conventional dielectrics used today, such as 
silicon oxides or nitrides. 
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[0006] Recently, a lot of attention has been paid to Barium Strontium Titanate (BST), 
Barium Titanate (BT), Strontium Titanate (ST), Lead Zirconate Titanate (PZT) and other 
high dielectric constant materials as a cell dielectric material of choice of DRAMs. These 
materials, in particular BST, have a high dielectric constant (>300) and low leakage currents 
which makes them very attractive for high density memory devices. However, there are 
some technical difficulties associated with these materials. One problem with incorporating 
these materials into present day DRAM cell designs is their chemical reactivity w ith the 
polycrystalline silicon (polysilicon or "poly") that conventionally forms the capacitor 
electrode or a buried electrode contact. Capacitors made by polysilicon- PZT/BST 
sandw iches undergo chemical and physical degradation with thermal processing. During 
chemical vapor deposition (CVD) of PZT/BST, oxygen in the ambient tends to oxidize 
the electrode material. The oxide is undesirable because it has a much lower dielectric 
constant compared to PZT/BST, and adds in series to the capacitance of the PZT/BST, 
thus drastically lowering the total capacitance of the capacitor. Therefore, even a thin 
name oxide laver present on the electrode results in a large degradation in capacitance. 
Furthermore, even when the electrode proper is made of a noble metal, such as Pt, oxygen 
will still tend to diffuse through it, contaminating the underlying polycrystalline silicon 
plug. 

[0007] Ferroelectric memory devices have been proposed as alternatives to conventional 

memory devices. Ferroelectric memory devices utilize the spontaneous polarization 

properties of ferroelectric films to provide data storage elements w hich offer relatively last 

read/write operations compared with conventional storage elements. In addition, using a 
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capacitor having a ferroelectric dielectric as a data storage device for a memory cell can 
reduce the pow er consumption of the memory- cell and increase operational speed as refresh 
operations tvpically are not required to maintain data in the capacitor. Moreover, such a 
ferroelectric random access memory (FRAM) device may operate from a single power 
supply voltage. 

[0008] Generally, two types of FRAM cells are conventionally used: ( 1 ) a transistor 
emploving a ferroelectric film as a gate insulation film, and (2) an access transistor 
connected to a cell capacitor employing a ferroelectric film as a dielectric. Fabrication 
difficulties associated with the first type of cell include the potential formation of a silicon 
oxide film by reaction of silicon w ith oxygen atoms at the interface betw een the silicon 
channel region of the transistor and the ferroelectric gate insulation film. In addition, it 
may be difficult to form a high-quality ferroelectric film due to a lattice constant difference 
or thermal expansion coefficient difference between the silicon substrate and ferroelectric 
film. 

[0009] For these reasons, conventional FRAM devices tend to employ the second 
structure described above, w herein a cell capacitor uses a ferroelectric dielectric material as a 
dielectric. Typically, barium strontium titanate (RST) or lead zirconate titanate (PZT) are 
used for the capacitor dielectric. According to a typical fabrication process, BST or PZT is 
deposited by a sol-gel process. The annealing temperature of 500 to 650 degrees Celsius 
used during the heat treatment phase of the sol-gel process may deform a conventional 
aluminum electrode, or oxidize a tungsten electrode. Therefore, the lower electrode of a 
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ferroelectric capacitor is typically made of platinum because it has a high oxidation 
resistance and a high melting point. 

[0010] Platinum is an excellent lower electrode material to use w ith ferroelectric and 
high dielectric constant (HDC) dielectric materials. Platinum provides a low energy 
crystallization surface which catalyzes the formation of perovskite crystals, it maintains its 
electrical properties at the crystallization temperatures routinely used for sintering 
ferroelectric and HOC' materials, and it is highly compatible with the ferroelectric 
properties of ferroelectric dielectric materials. 

[0011] There are disadvantages to using platinum as an electrode, however, w hich are 
generally related to semiconductor process integration. Platinum generally allows oxygen 
to diffuse through it and hence typically allows neighboring materials to oxidize. Platinum 
also does not normally adhere well to traditional dielectrics such as silicon dioxide, and the 
high degree of stress placed on the platinum-silicon dioxide bond generated by the 
crvstallization of the ferroelectric or HDC dielectric material peels the platinum off the 
substrate during processing. It may also rapidly form a silicide at low temperatures, and 
also may form hillocks which degrade leakage current properties or short out the capacitor. 
In addition, alpha-particle creation by the radioactive isotope of platinum (Pt-190), which 
is tvpicallv present as a small percentage of the total platinum atoms in a sample, may be 
detrimental to the electrical functioning of the capacitor. 

[0012] There is needed, therefore an improved lower electrode for a ferroelectric or 
high dielectric constant capacitor having the advantages of a platinum electrode w hile 
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avoiding problems of oxidation and separation from the substrate. A simple method ot 
fabricating an improved lower electrode is also needed. 

BRIEF SUMMARY OF THF INVENTION 

[0013] The present invention provides a ferroelectric or high dielectric constant 
capacitor with a multilayer lower electrode for use in a RAM or FRAM memory cell. The 
multilayer low er electrode has at least tw o layers - a platinum layer adjacent the dielectric, 
and a platinum-rhodium layer beneath the platinum layer. The platinum-rhodium layer 
serv es as an oxidation barrier and may also act as an adhesion layer for preventing 
separation of the lower electrode from the substrate, thereby improving capacitor 
performance. Titanium and/or titanium nitride layers may be used under the platinum- 
rhodium layer if desired. A ferroelectric or HDC dielectric material is used as the capacitor 
dielectric, and the upper electrode may take the form of a conventional upper electrode, or 
mav have the same multilayer structure as the lower electrode. Also provided are processes 
for manufacturing the multilayer lower electrode. 

[0014] Additional advantages and features of the present invention w ill be apparent 
from the following detailed description and drawings which illustrate preferred 
embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a cross-sectional view of the ferroelectric capacitor of a preferred 
embodiment of the present invention. 

[0016] Figure 2 is a cross-sectional view of the ferroelectric capacitor of a second 
embodiment of the present inv ention. 

[0017] Figure 3 is a cross-sectional view of the ferroelectric capacitor of a third 
embodiment of the present invention. 

[0018] Figure 4 is a cross-sectional view of a semiconductor substrate having transistors 
and an insulating layer formed thereon. 

[0019] Figure 5 shows the substrate of Fig. 4 undergoing the process of a preferred 
embodiment of the present invention. 

[0020] Figure 6 shows the substrate of Fig. 5 at a processing step subsequent to that 
show n in Fig. 5. 

[0021] Figure 7 show s the substrate of Fig. 5 at a processing step subsequent to that 
shown in Fig. 6. 

[0022] Figure 8 shows the substrate of Fig. 5 at a processing step subsequent to that 
shown in Fig. 7. 
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[0023] Figure 9 show s the substrate of Fig. 4 undergoing the process of a second 
embodiment of the present inv ention. 

[0024] Figure 10 show s the substrate of Fig, 9 at a processing step subsequent to that 
shown in Fig. 9. 

[0025] Figure 1 1 show s the substrate of Fig. 9 at a processing step subsequent to that 
show n in Fig. 10. 

[0026] Figure 12 show s the substrate of Fig. 9 at a processing step subsequent to that 
shown in Fig. 1 1 . 

[0027] Figure 13 show s the substrate of Fig. 9 at a processing step subsequent to that 
shown in Fig. 12. 

[0028] Figure 14 show s the substrate of Fig. 9 at a processing step subsequent to that 
show n in Fig. 13. 

[0029] Figure 15 show s the substrate of Fig. 4 undergoing the process of a third 
embodiment of the present inv ention. 

[0030] Figure 16 show s the substrate of Fig. 15 at a processing step subsequent to that 
shown in Fig. 1 5. 

[0031] Figure 17 show s the substrate of Fig. 15 at a processing step subsequent to that 
show n in Fig. 16. 
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[0032] Figure 18 shows the substrate of Fig. 15 at a processing step subsequent to that 
shown in Fig. 17. 

[0033] Figure 19 show s the substrate of Fig. 15 at a processing step subsequent to that 
shown in Fig. 18. 

[0034] Figure 20 show s the substrate of Fig. 15 at a processing step subsequent to that 
shown in Fig. 19. 

[0035] Figure 21 show s the substrate of Fig. 15 at a processing step subsequent to that 
shown in Fig. 20. 

[0036] Figure 22 is an illustration of a computer system having a ferroelectric capacitor 
according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] In the following detailed description, reference is made to the accompanying 
drawings which form a part hereof, and in which is show n by w ay of illustration specific 
embodiments in which the invention may be practiced. These embodiments are described 
in sufficient detail to enable those skilled in the art to practice the invention, and it is to be 
understood that other embodiments may be utilized, and that structural, logical and 
electrical changes mav be made without departing from the spirit and scope of the present 
invention. 



10 



'33*56' vl. SJFTC" DOC 




Docket No : M4065.0151/P151 A 

[0038] The terms "wafer" and "substrate" are to be understood as including silieon-on- 
msulator (SOI) or silicon-on-sapphire (SOS) technology, doped and undoped 
semiconductors, epitaxial layers of silicon supported by a base semiconductor foundation, 
and other semiconductor structures. Furthermore, when reference is made to a "wafer" or 
"substrate" in the following description, previous process steps may have been utilized to 
form regions or junctions in the base semiconductor structure or foundation. In addition, 
the semiconductor need not be silicon-based, but could be based on silicon-germanium, 
germanium, or gallium arsenide. 

[0039] The term "high dielectric constant dielectric material" or "HDC dielectric 
material" as used herein refers to dielectric materials having high dielectric constants (e = 
-20 or higher), and including, but not limited to barium strontium titanate (BST or 
Ba x Sr (1 _ xl Ti0.vK lead zirconate titanate (PZT or PbZr (lx) Ti x 0 3 ), lead lanthanum zirconate 
titanate (PLZT), lead scandium tantalate (PST), strontium bismuth tantalate (SBT or 
SrBi 2 Ta 2 O y ), barium bismuth tantalate (BBT or BaBi 2 Ta 2 0 9 ), barium titanate (BT or 
BaTiO^), strontium titanate (ST or SrTiO.), tantalum pentoxide (Ta 2 0-), and other 
metallic oxides having perovskite or ilmenite crystal structures and high dielectric constants 
(8 = -20 or higher). The following detailed description is, therefore, not to be taken in a 
limiting sense, and the scope of the present invention is defined by the appended claims. 

[0040] Referring now to the drawings, where like elements are designated by like 
reference numerals, an embodiment of the capacitor 40 of the present invention is show n 
in Fig. 1. The capacitor 40 is formed on a silicon substrate 50 having word line 52 and 
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active areas 54, 56 forming a transistor 58 thereon. An oxide layer 60 of a material such as 
silicon dioxide is formed over the transistor 58, and a conductive plug 62 ot doped 
polvsilicon, tungsten, or other suitable material extends through the oxide layer 60 to form 
a contact to active area 54. Protective layer 64 is formed over the oxide layer 60, and is ot 
a material such as borophosphosilieate glass (BPSG), borosilicate glass (BSG), 
phosphosilicate glass (PSG), or silicon dioxide. The capacitor 40 is formed in the 
protective layer 64 over the conductive plug 62. 

[0041] The capacitor 40 comprises an upper electrode 70, a dielectric layer 72, and a 
low er electrode having multiple layers. The upper electrode 70 may be comprised of any 
suitable material such as titanium nitride, tungsten, tungsten nitride, platinum, palladium, 
tantalum, tantalum nitride, aluminum, molybdenum, polvsilicon, or other semiconductor 
conducting materials, or may have a structure identical to that of an embodiment of the 
low er electrode of this invention, as is further described below. The dielectric layer 72 may 
be any HDC dielectric material described above, but preferably is BST, PZT, SBT, or 
tantalum pentoxide, and has a thickness of less than about 5000 Angstroms, preferably less 
than about 500 Angstroms. 

[0042] As shown in Figs. 1 through 3, the lower electrode comprises at least two layers 
- a platinum layer 74 and a platinum-rhodium layer 76 - formed on the protective layer 64. 
Fig. 2 depicts a capacitor 240 of a second embodiment, in which the lower electrode has an 
additional titanium layer 78 formed between the platinum-rhodium layer 76 and the 
protective laver 64, and Fig. 3 show s a capacitor 340 of a third embodiment, in w hich an 
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additional titanium nitride layer 80 is present between the titanium layer 78 and the 
protective layer 64. The capacitors 240, 340 of the second and third embodiments may 
also have a silicide layer 82 formed between the lower electrode and the protective layer 64 
as a result of the fabrication process, as shown in Figs. 2 and 3. 

[0043] Referring now to Figs. 1 through 3, the platinum layer 74 of the low er electrode 
is typically about 50 to about 300 Angstroms thick, preferably about 50 to about 150 
Angstroms, and the platinum-rhodium layer 76 is typically from about 100 to about 800 
Angstroms thick, preferably about 150 to about 300 Angstroms. The platinum-rhodium 
layer 76 is comprised of an alloy having a composition of approximately 3 to approximately 
40 percent rhodium and approximately 97 to approximately 60 percent platinum by 
weight. The titanium layer 78 of the lower electrode, if it is present, is about 60 to about 
200 Angstroms thick, preferably about 60 to about 100 Angstroms, and the titanium 
nitride laver 80 is about 100 to about 200 Angstroms thick, preferably about 100 to about 
150 Angstroms. 

[0044] The capacitor 40 is manufactured through a process that begins with the 
structure illustrated by Fig. 4. The process begins subsequent to the formation of the word 
line 52, active areas 54, 56, oxide layer 60, conductive plug 62 and protective layer 64. A 
resist 90 (not shown) is applied, and photolithographic techniques are used to define an 
area to be etched-out. An etching process such as wet etching using an acid such as nitric 
and/or hvdrofluoric acid, or dry etching methods such as plasma etching or reactive ion 
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etching (RIF) is used to etch through the protective layer 64 to expose the conductive plug 
62 and form a trench 92, as shown in Fig. 4. The photoresist is then stripped. 

[0045] The capacitor 40 of the preferred embodiment is then manufactured through a 
process described as following, and illustrated by Figs. 5 through 8. As shown in Fig. 5, 
the first step in the process is to form the platinum-rhodium layer 76 on the surface of the 
protective layer 64 and in the trench 92. This layer may be formed by means such as 
chemical vapor deposition (CVD), physical vapor deposition (PVD), sputtering, 
evaporation, or other suitable means, and is formed to a thickness of about 100 to about 
800 Angstroms, preferably about 150 to about 300 Angstroms. The platinum-rhodium 
layer 76 is an alloy comprising approximately 3 to approximately 40 percent rhodium and 
approximately 97 to approximately 60 percent platinum by w eight. 

[0046] Fig. 6 depicts the next step, in which the platinum layer 74 is formed on the 
surface of the platinum-rhodium layer 76 by suitable means such as CVD, PVD, sputtering, 
or evaporation. This layer has a thickness of about 50 to about 300 Angstroms, preferably 
about 50 to about 150 Angstroms. A preferred method of forming the platinum-rhodium 
and platinum layers 76, 74 is in-situ CVD. In this method, the substrate 50 is placed in a 
CVD reactor, and platinum and rhodium precursors are introduced into the reactor 
chamber to form the platinum-rhodium layer 76. When the platinum-rhodium layer 76 
has been formed to the desired thickness, the flow of rhodium precursor is shut off so that 
the platinum laver 74 may then be formed. Another preferred method of forming these 
lavers uses a CVD reactor with two ampoules. The first ampoule is charged with a mixture 
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of platinum and rhodium precursors, and the second ampoule is charged only w ith 
platinum precursors. The platinum-rhodium layer 76 is formed using the first ampoule, 
and then the platinum layer 74 is formed using the second ampoule. This method achieves 
better process stability than other known methods. 

[0047] The dielectric laver 72 is then formed over the platinum layer 74, as illustrated 
by Fig. 7. The dielectric layer 72, w hich may be a layer of any of the HOC dielectric 
materials described above, is then formed. The HDC dielectric material, which is 
preferably BST, PZT, SBT, or tantalum pentoxide, may be formed by any suitable process 
such as spinning, sputtering, CVD, ion beam sputtering, laser beam deposition, molecular 
beam epitaxy (MRE), evaporation, or a sol-gel process. Typically a sol-gel process is used. 
In this process, a solution or sol containing the desired oxide or non-oxide precursor is 
formulated and applied to the surface of the platinum layer 74 by spinning, dipping or 
draining. The resultant dielectric layer 72 is then dried at a low temperature, e.g., 100 
degrees Celsius, and then treated by exposing it to high temperatures (300 to 1 100 degrees 
Celsius) for a period of time sufficient to drive w ater and solvent out of the layer and to 
form a hard dielectric layer 72. 

[0048] Referring now to Fig. 8, the upper electrode 70 is formed on the dielectric layer. 
The upper electrode 70 may be a single layer of suitable conductive material such as 
titanium nitride, tungsten nitride, platinum, or polysilicon, or may have a multilayer 
structure identical to that of the low er electrode, w ith a platinum layer and a platinum- 
rhodium layer. (YD, PYD, sputtering, evaporation, or other suitable means may be used 
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to form the upper electrode 70, and the means chosen will van' depending on the desired 
structure and materials, as is known in the art. The capacitor 40 now appears as shown in 
Fig. 8. Further steps to create a functional memory cell containing the capacitor 40 may 
now be carried out, such as the formation and etching of insulating layers, e.g., BPSG, 
PSG, BSG, silicon dioxide or the like, to form conduits for electrical contacts (not shown), 
and for additional insulating, passivating, and wiring interconnect layers. 

[0049] A second embodiment of the capacitor 240 may be manufactured starting w ith 
the structure of Fig. 4 by a process depicted in Figs. 9 through 14, and as described below. 
Referring to Fig. 9, a titanium layer 78 is formed on the surface of the protective layer 64 
and in the trench 92 by means such as CVD, PVD, sputtering or evaporation. The 
titanium laver is formed to a thickness of about 60 to about 200 Angstroms, preferably 
about 60 to about 100 Angstroms. Next, as shown in Fig. 10, the platinum-rhodium layer 
76 is formed by a suitable process such as CVD, as explained with reference to Fig. 5 
above. 

[0050] Fig. 1 1 depicts the next step in which the platinum layer 74 is formed on the 
surface of the platinum-rhodium layer 76. The dielectric layer 72 is then formed on the 
platinum-rhodium layer 76 by a sol-gel process, as show n in Fig. 12. During the heat 
treatment phase of the sol-gel process, a silicide layer 82 may be formed by an interaction 
between the titanium layer 78 and silicon of the oxide layer 60 and/or the conductive plug 
62, depending on the material of the conductive plug 62, as show n in Fig. 13. Formation 
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of the silicide layer 82 results in a low er contact resistance betw een the titanium layer 78 
and the conductive plug 62. 

[0051] Referring now to Fig. 14, the upper electrode 70 is formed on the dielectric 
layer, and may be a single layer of suitable conductive material, or a multilayer structure 
identical to that of the low er electrode, as is described above w ith reference to Fig. 8. The 
capacitor 240 now appears as show n in Fig. 14. Further steps to create a functional 
memory cell containing the capacitor may now be carried out, such as the formation and 
etching of insulating layers, e.g., BPSG, PSG, BSG, silicon dioxide or the like, to form 
conduits for electrical contacts (not shown), and for additional insulating, passivating, and 
wiring interconnect layers. 

[0052] A third embodiment of the capacitor 340 may be manufactured starting w ith the 
structure of Fig. 4 by a process depicted in Figs. 15 through 21, and as described below. 
Referring to Fig. 15, a titanium nitride layer 80 is formed on the surface of the protective 
layer 64 and in the trench 92 by means such as CVD, PVD, sputtering or evaporation. The 
titanium nitride layer 80 is formed to a thickness of about 100 to about 200 Angstroms 
thick, preferably about 100 to about 150 Angstroms. Next, as shown in Figs. 16 and 17, 
the titanium laver 78 and platinum -rhodium layer 76 are formed by suitable processes such 
as CVD, as explained with reference to Figs. 9 and 10 above. 

[0053] Fig. 18 depicts the next step in which the platinum layer 74 is formed on the 
surface of the platinum -rhodium layer 76. The dielectric layer 72 is then formed on the 
platinum-rhodium laver 76 by a sol-gel process, as shown in Fig. 19. During the heat 
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treatment phase of the sol-gel process, a silicide layer 82 may be formed by an interaction 
betw een the titanium nitride layer 80 and silicon of the oxide layer 60 and/or the 
conductive plug 62, depending on the material of the conductive plug 62, as show n in Fig. 
20. Formation of the silicide layer 82 results in a low er contact resistance betw een the 
titanium nitride layer 80 and the conductive plug 62. 

[0054] Referring now to Fig. 21, the upper electrode 70 is formed on the dielectric 
layer, and may be a single layer of suitable conductive material, or a multilayer structure 
identical to that of the lower electrode, as is described above w ith reference to Fig. 8. The 
capacitor 340 now appears as shown in Fig. 21. Further steps to create a functional 
memory cell containing the capacitor may now be carried out, such as the formation and 
etching of insulating layers, e.g., BPSG, PSG, RSG, silicon dioxide or the like, to form 
conduits for electrical contacts (not shown), and for additional insulating, passivating, and 
wiring interconnect layers. 

[0055] As can be seen by the embodiments described herein, the present invention 
encompasses HDC and ferroelectric capacitors having multilayer electrode stacks, and 
processes of forming the same. As may be readily appreciated by persons skilled in the art, 
the platinum and platinum-rhodium layers of the low er electrode serv e as oxidation barriers 
and exhibit improved adhesion to the substrate, thereby providing improved stability and 
performance of the capacitor. 

[0056] A typical processor based system w hich includes a memory containing capacitors 

according to the present invention is illustrated generally at 400 in Fig. 22. A processor 
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based system is exemplary of a system having digital circuits w hich could include 
ferroelectric or HOC capacitor devices. A processor system, such as a computer system, for 
example generally comprises a central processing unit (CPU) 444, e.g., a microprocessor, 
that communicates with an input/output (I/O) device 446 over a bus 452. The memory 
448 also communicates with the system over bus 452. In the case of a computer system 
the processor system may include peripheral devices such as a floppy disk drive 454 and a 
compact disk (CD) ROM drive 456 which also communicate with CPU 444 over the bus 
452. Memory 448 is preferably constructed as an integrated circuit which includes 
capacitors having multilayer electrodes, as previously described w ith respect to Pigs. 1 to 
21. The memory 448 may be combined with a processor, such as a CPU, digital signal 
processor or microprocessor, with or without memory storage, in a single integrated circuit. 

[0057] It should again be noted that although the invention has been described with 
specific reference to memory circuits and ferroelectric and HDC capacitors, the invention 
has broader applicability and may be used in any integrated circuit requiring capacitors. 
Similarly, the process described above is but one method of many that could be used. 
Accordingly, the above description and drawings are only illustrative of preferred 
embodiments which achieve the objects, features and advantages of the present invention. 
It is not intended that the present invention be limited to the illustrated embodiments. 
Anv modification of the present invention which comes w ithin the spirit and scope of the 
follow ing claims should be considered part of the present invention. 
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